INTRODUCTION
Largely through the efforts of the Deep Sea Drilling Project (DSDP), information about the magnetic properties of the igneous oceanic crust has been accumulating rapidly during the past decade. One of the more significant facts which has emerged is that these rocks often have very different magnetic properties from those inferred from studies of magnetic anomalies near spreading centers (Talwani et al., 1971; Atwater and Mudie, 1973; and Klitgord et al., 1975) , or from rock magnetic studies of oceanic extrusives dredged near spreading centers Carmichael, 1970; Prévot et al., 1976; and Johnson and Atwater, 1977) . Although Lowrie (1977) noted that the paleoinclinations of basalts from early DSDP sites are consistent with the paleolatitudes of the sites (correlation coefficient = 0.912), the results of many studies show that the stable inclinations are often anomalous (usually shallow) relative to those expected from a geocentric axial dipole field (Cox and Doell, 1962; Brooke et al., 1970; Lowrie and Opdyke, 1972, 1973; Ade-Hall et al., 1973; and Ryall and Hall, 1977) . Sometimes reversals are observed in the vertical column of a single hole (e.g., Faller et al., 1979 and . Furthermore, the relatively low intensities of remanent magnetization (JNRM) which are usually observed imply that a magnetic layer several kilometers thick is required to produce the observed anomalies (Lowrie, 1973; Scientific Party, 1975; and Harrison, 1976) . For these reasons the purpose of Legs 51, 52, and 53 was to attempt the deepest possible penetration into oceanic Layer 2. A total of 1128.6 meters of igneous rocks was cored at four closely spaced sites in the western Atlantic Ocean at 25. 0°N and 69.0°W (Hole 417A [209.0 m] , 417D [365.5 m] , 418A [544.0] , and 418B [10.1 m]). The maximum separation between any two holes is less than 5 kilometers. The drill sites were located in reversely magnetized anomaly M0, whose inferred age is approximately 108 m.y.
This report is based on magnetic measurements of 399 igneous-rock specimens from Holes 417D and 418A and constitutes the shipboard and shore-based paleomagnetic studies of Leg 52. Data for the individual samples are listed in an accompanying chapter (Levi et al., this volume) . Here, except where inappropriate, the magnetic data are presented as averages over 10-meter core intervals. This approach has the advantage of focusing greater attention on the gross magnetic properties of each hole, which is particularly important for understanding the nature of the source layer of the magnetic anomalies. Most data used in this report are contained in Table 1 , where each datum corresponds to a particular 10-meter interval and represents the arithmetic mean associated with the samples of that depth interval. The uncertainties represent one standard deviation; the number in parentheses to the right of each datum denotes the number of samples used in obtaining the mean.
RESULTS AND DISCUSSION
Magnetic Properties: Intensity, Susceptibility, and Stability of Magnetization Downhole variations of JNRM (intensity of remanent magnetization), x(low-field susceptibility), and ß(Königsberger ratio) are shown in Figures 1 and 2 . Downhole variations of the MDF (median demagnetizating field) are plotted on the right-hand side of Figures 3 and 4. The downhole profiles of JNRM and Q are similar to one another in both Holes 417D and 418A. The similarity might be partly fortuitous, because the action of the present field on the predominantly reversed primary remanence results in preferentially lowering the net remanence of specimens with greatest induced magnetic moment, hence lowering Q. However, the essentially positive correlation between JNRM and Q persists even for the normally magnetized upper 178 meters of Hole 418A. Although x varies more gently, higher x values are frequently associated with lower values of Q (and JNRM) and lower x values with higher values of Q (and JNRM); exceptions do however, exist. Similar behavior of x> Q, and MDF was observed at DSDP Site 163 (Marshall, 1978) .
The lithologic identifications used in this report to distinguish units such as massive flows, pillow basalts, breccia, and dikes follow exactly the core descriptions of the shipboard petrologists of the respective Legs. Contact relationships and morphology of the cooling surfaces and grain size gradations were among the important factors used to distinguish between the lithologic units.
In Hole 417D, there is a marked distinction between the magnetic properties (JNRM, X, Q, and MDF) of the massive flow units and the pillow basalts ( Table 2 ). The massive flow units usually have lower JNRM, Q, and MDF and higher X values, whereas the pillow basalts more often exhibit lower x and higher JNRM, Q, and MDF values. Although these trends are unmistakable in Hole 417D, considerable scatter exists within each lithology, and there is no such straightforward distinction for the massive flows and pillow basalts of Hole 418A.
The distinction in the magnetic properties between the pillow basalts and massive flows of Hole 417D, and the lack of distinction between the pillow basalts and massive flows of Hole 418A is in good agreement with preliminary particle-size measurements of the titanomagnetite grains. Many of the conspicuous grains in the massive flows of Hole 417D are between 50 and 200 µm, whereas titanomagnetite grains larger than 10 µm are rare in the pillow basalts. On the other hand, no significant difference in the titanomagnetite grain sizes was observed between massive flow units and pillow basalts of the upper 178-meter section of Hole 418A, where the grain sizes are typically less than 20 µm. The titanomagnetites of the lower 200-meter section of Hole 418A (excluding the bottom 10 m for which we have no data) are of larger grain sizes, often between 20 and 150 µm, and the massive flows appear to have somewhat coarser titanomagnetite grains. Although these observations are clearly biased toward the larger particles, we assume they are accurate indicators of the distributions which they represent.
The distinction in the magnetic properties between the massive flows and pillow basalts of Hole 417D and the gross trends in the magnetic property profiles in Hole 418A can be readily understood in terms of variations of the average particle size of the magnetic minerals. Assuming constant composition and density of the magnetic constituentneglecting intensity fluctuations of the geomagnetic field and ignoring effects of fluctuations in the oxidation staterelatively higher primary TRM (thermal remanent magnetization) and greater stability (MDF) are expected for those samples (with smaller particle sizes) whose remanence is predominantly in single domain (SD) and pseudosingle domain (PSD) particles than for samples whose remanence is predominantly in multidomain (MD) particles (e.g., Levi and Merrill, 1978) . Similarly, because relatively lower energy barriers are associated with domain wall movement of MD remanence than with domain rotation of SD particles, relatively higher values for \ are expected for MD than (7) 9.56 ±9(5) _ 10.2 ±1 (6) 7.18 ±4 (7) 6.87 ±4(6) 10.1 ±8 (7) 12.4 ±3(4) 20.2 ±11 (4) 6.23 ±6 (14) 16.4 ±10 (7) 4.19 ±3(3) 2.60 ±1(4) 2.24 ±1(2) 15.6 (1) e X 1.67 ±.26(4) 1.82 ±.32 (7) 1.89 ±.35(5) 1.50 ±.69(5) 1.50 ±.58 (11) 1.42 ±.40(5) 1.81 ±.28(11) 1.50 ±.73(5) 1.28 ±.81(8) 1.93 ±.17 (7) 0.85 ±.80 (5) -2.01 ±.24(6) 1.70 ±.68(6) 1.21 ±.51(6) 1.22 ±.49 (7) 1.77 ±.24(4) 2.10 ±.22(3) 0.95 ±.70(13) 0.88 ±.27 (7) 1.17 ±.42 (7) 0.79 ±.26 (5) (4) 3.88 ±.00(2) 2.67 ±.76(4) 3.20 ±.61(2) 4.27 ±.73(3) 4.27 ±.91(2) 3.56 ±.46(3) 3.53 ±.31 (2) 2.83 ±.61 (7) 3.57 +.27(3) 2.91 ±.60(4) 2.95 ±.11(2) 3.07 (1) ö f 23.3 ±16(4) 20.0 ±23 (7) 12.6 ±8(5) 42.5 ±52(5) 45.5 ±50(11) 26.6 ±16(5) 12.7 ±5 (11) 19.2 ±6(5) 14.9 ±9(8) 19.9 ±9 (7) 1.83 ±11 (5) -11.2 ±2 (6) 8.9 ±4(6) 12.5 ±4(6) 16.3 ±9 (7) 15.6 ±6(4) 22.6 ±12(3) 15.4 ±10(13) 37.4 ±11 (7) 39.3 ±19 (7) 76.5 ±42 (5) (3) 6.8 ±5(3) 3.4 ±3(4) 3.6 ±2(2) 9.2 ±10(4) 3.2 ±2(2) 2.1 ±2(3) 1.2 ±.4(2) 1.5 ±.6(3) 0.65 ±.4 (2) 14.3 ±11 (7) 2.6 ±2(3) 2.2 ±1(4) 1.6 ±1(2) 11.0 (1) MDF g 98 ±26(4) 94 ±37(7) 99 ±26(5) 125 ±65(5) 124 ±46(11) 144 ±61(5) 100 ±24(11) 143 ±33(5) 121 ±47(8) 119 ±29 (7) 224 ±85 (5) -100 ±31(6) 117 ±36(4) 154 ±44(6) 157 ±35 (7) 128 ±35 (4) 99 ±8(4) 182 ±51 (14) 221 ±59 (7) 162 ±83 (7) 229 ±38 (5) 359 ±31 (5) 196 ±53(4) 241 ±85 (5) 381 (1) 366 (1) 117 (1 (2) 87 ( Figure 3 . for SD particles. Hence, particle size considerations alone suggest that Q, JNRM, and MDF should generally show positively correlated profiles, and x should exhibit a relative increase for MD over SD particles. Clearly, the above assumptions are not expected to be strictly valid; that is, fluctuations in the density, initial composition, and oxidation state of the magnetic minerals are known to occur and these would "contaminate" the simplified profiles expected from the above discussion. However, the data of Table 2 , showing the differences in the average magnetic properties of the various lithologies (different particle sizes) of Hole 417D, and the general features of the downhole profiles of Holes 417D and 418A, are consistent with the preceding discussion, suggesting that particle size fluctuations of the magnetic minerals provide significant control on the magnetic properties of samples from these holes.
418A. All else is as in
Histograms of JNRM, X and Q for Holes 417D and 418A are shown in Figure 5 ; histograms of the MDF values are shown in Figure 6 . The respective mean and median values of these parameters are listed in Table 3 . It is interesting to note that the hole-average values for Q are 11 and 22 for Holes 417D and 418A, respectively, implying that remanent magnetism is far more significant than induced moment in contributing to the magnetic anomaly. Even for the massive flows of Hole 417D, Q = 4 (Table 2) .
Natural Remanent Magnetization (NRM): Implications for Magnetic Anomalies
The NRM data are of primary importance for evaluating and understanding the source layer responsible for the marine magnetic anomalies. It is significant that the JNRM value of each of the holes (Holes 417D and 418A) is more than twice that of previous Atlantic sites where significant penetration into the igneous basement had been achieved (e.g., Sites 332 through 335, Leg 37, Ryall et al., 1977; Site 395, Hole 395A and Site 396, Legs 45 and 46, Johnson, 1979; Peterson, 1979; Sites 407 through 413, Leg 49, Faller et al., 1979) . This is particularly interesting, since the age of Holes 417D and 418A (~ 108 m.y.) is more than twice that of any of the sites mentioned above. The arithmetic means of JNRM for Holes 417D and 418A are 9.2 × 10~3 Gauss and 12.4 × 10~3 Gauss, respectively (see Table 3 ).
To determine the coherent contribution of each hole to the observed magnetic anomaly, the net vertical component of remanence was calculated by obtaining the vertical NRM component for each 10-meter interval, and from these values the vertical contribution for each hole was determined.
For Hole 417D, the overall vertical component of magnetization is -4.13 × 10~3 Gauss, consistent with the reversed sense of anomaly M0. This calculation assumes no contribution to the magnetization of the breccia zone from 606.5 to 640 meters sub-bottom, for whichINRM = 17° ±49°a nd I STABLE =10° ±54°. Table 4 details the contributions of the various lithologies -pillow basalts, massive flows, brecciated zone, and dikes -to the vertical remanence component. For Hole 417D, the pillows are the chief contributors to the anomaly; the contribution of the massive flows is almost zero and opposite to the sense of the anomaly.
All other conditions being equal, more viscous remanent magnetization (VRM) will be produced in a specimen when the external field is applied antiparallel than when applied parallel to the direction of the primary remanence. Therefore, more positive VRM is produced in negatively magnetized than in positively magnetized oceanic blocks. This difference in the VRM contribution would be greatest for young crust for which sea-floor spreading and plate rotations can be more readily neglected and where this difference in VRM has not been masked by many previous reversals. Thus, the presence of magnetically "soft" massive flow units within the extrusive oceanic Layer 2 provides an additional mechanism for reducing the magnetization contrast of oppositely magnetized blocks; this also would contribute to the rapid reduction in the amplitude of the marine magnetic anomalies away from spreading centers.
The value of Q for the massive flow specimens of Hole 417D is 4.1 ( Table 2 ), suggesting that even for these relatively unstable specimens remanence is dominant over induced magnetization. Although the dispersion is great, INRM for the massive flows of Hole 417D is not significantly different from the inclination at the sampling site expected from normally polarized geocentric axial dipole. (It will be seen later that the stable inclinations of the massive flows of Hole 417D are of reversed polarity, consistent with the sense of anomaly M0.) These results imply that, although the contribution of induced magnetization (of time constants on the order of laboratory time scale) is relatively minor, the coherent magnetization of Hole 417D is significantly reduced by VRM parallel to the present field. Lowrie (1973) obtained similar data and reached similar conclusions.
Because Hole 418A is composed mainly of two oppositely magnetized sections, the hole-average, vertical component of JNRM is only -2.19 × 10~3 Gauss; this reduced component is consistent with mixed polarities expected in sections near anomaly boundaries. If the hole-average vertical component of remanence is calculated for Hole 418A, assuming that all the inclinations are negative, one obtains -5.99 × 10" 3 Gauss. The large difference in the vertical component of remanence between Holes 417D and 418A is caused by fluctuations in the intensity and direction of the geomagnetic field and by differences in the magnetic properties of the rocks composing each section. If such differences are coherent over several kilometers (comparable to the distance between the source and the observer), they would influence the shapes and amplitudes of the sea surface magnetic anomalies. However, if these differences are averaged out over distances of several kilometers, they would not be seen at the sea surface. The results from Holes 417D and 418 A suggest that certain smaller scale features of magnetic profiles are caused by heterogeneities in the magnetic properties of the rocks forming oceanic Layer 2 and are not related to geomagnetic or topographical features .
The high values of JNRM (Table 3 ) and the coherence of its vertical component suggest that the magnetic profiles in the vicinity of Sites 417 and 418 can be completely accounted for by sources in the upper 1 kilometer of Layer 2. (Detailed computations are in progress.)
Stable Directions of Remanent Magnetism: Implications for Oceanic Crust Formation
Directions of stable remanence are among the more interesting Leg 52 paleomagnetic results. These were obtained from alternating field (AF) demagnetization curves. Often, the stable end point is fairly easy to select as the stable direction; however, in some Leg 52 samples the primary remanence (negative inclinations) was superimposed by secondary, positive inclination remanence, of, presumably, viscous or chemical origin. Because the secondary magnetization was typically "softer" than the primary, it could often be removed by AF demagnetization. However, sometimes the primary remanence was not uncovered until less than 10 per cent of natural remanence remained, and one cannot then be certain that all the secondary remanence has been removed. Thus, it is possible that the final direction, which is designated as "stable," still includes an unknown but significant component of stable secondary remanence. Hence, in these samples, the "stable" negative inclinations might be biased toward negative inclination values that are too shallow, because of possible overprinting by a stable secondary component of positive inclination. This effect would be more pronounced in the magnetically "softer" samples -for example, some of the massive flows of Hole 417D.
Assuming that the Bermuda Triangle has formed a rigid part of the North American plate since Cretaceous time, then, using Mankinen's (1978) average North American Cretaceous paleomagnteic pole position (68°N, 186°E) , one obtains a paleoinclination of ±32°N ±4° with a corresponding paleolatitude of 17°N for Sites 417 and 418. Figure 5 shows the downhole variation of the stable inclinations in Hole 417D. The upper 145 meters is a tightly clustered distribution whose mean inclination is -67° with a standard deviation of ±4°, and the underlying 116.5-meter section has a value of ISTABLE = -21° ±4 . The boundary between these inclination-defined sections is very sharp and occurs within lithologic Unit 5, which is a 6-meter-thick sequence of pillow basalts. Composed of rubble and broken rock, this boundary occurs in Core 42 between the bottom of Section 4 and the top of Section 5 (for Sample 417D-42-4, 108-110 cm, ISTABLE = -60° and for Sample 417D-42-5, 45-47 cm, ISTABLE = -22°). These two sections are underlain by a 33.5-m-thick zone of brecciated pillowed flows for which ISTABLE = 10° ±54° and which overlies a 70-meter section down to the bottom of Hole 417D having a value of ISTABLE = -46° ±9°. Two high-angle dikes intrude into Core 68 and yield ISTABLE = -64° ±2° in four samples. The above stable inclination data are summarized in Table 5 . Application of the t-test to the mean stable inclinations of the dikes and the section which they intrude shows that they are distinct at the 99 per cent confidence level.
The average stable inclination of the upper 145 meters of Hole 417D deviates about 35° from the inferred Cretaceous paleoinclination. It is not possible to use the inclination data to determine whether the cause of this deviation is a geomagnetic fluctuation or a tectonic rotation of this section, or both. However, the dikes occurring at the bottom of Hole 417D are clearly younger than the material they intrude, and their average stable inclination is very similar to that of the uppermost 145-meter section. This suggests that the steep inclinations represent a geomagnetic fluctuation, since it is difficult to imagine the upper 145-meter and the lower 70-meter sections undergoing substantial rotation with the intervening 116.5-meter section remaining unmoved. It is possible that the dikes are part of the feeder system associated with the upper 145-meter section. Unfortunately, there are at the present no geochemical or petrological data available either contradicting or supporting this possibility (W. Bryan, private communications, 1979) .
Analysis of the shipboard magnetic anomaly profiles (Schouten, 1976) showed that Hole 418A was drilled very close to the eastern (younger) boundary of anomaly MO. Figure 6 shows the inclination stratigraphy of Hole 418A. The upper 178-meter section has a positive stable inclination, ISTABLE = +25° ±5°. The lower boundary of this section coincides with the boundary between Units 5 and 6A. Unit 6A consists of pillow breccia whose ISTABLE = 1° ±52°.
Below the breccia zone is a 200-meter-thick section having ISTABLE = -29° ±8°. The lower boundary of this inclination section occurs within Unit 11, between Samples 65-3, 17 cm and 65-6, 13 cm. (The data for the later specimen were obtained by Dr. Rigotti as part of the Leg 53 shipboard results: Initial Core Descriptions, Deep Sea Drilling Project, Legs 51-53, 1977, p. 360) . Considerable brecciation, broken rocks, and rubble occur in the three sections of Core 65 between these two samples; more work is required to better define this boundary. The next lower section extends from 390 to 540 meters below the sediment/basalt interface, and its ISTABLE = -58° ±7°. Within this section is an 8-meter-thick unit, from 502 to 510 meters below the sediment/basalt interface, consisting primarily of dikes whose stable inclination is +50° ±4°. The lowest 8 meters cored in Hole 418A, equivalent with Unit 14, has/s7Mßz.£ = -34°.
Site 417 was located near the center of negative anomaly M0 and its stable inclinations are, without exception, consistent with the sense of the anomaly. (See Appendix regarding the omission of two samples from each hole.) The positive stable inclinations capping the basalts of Hole 418A are consistent with the hole's proximity to the anomaly boundary. This shows that the magnetized blocks producing the anomalies do not have vertical boundaries, but are more likely to be wedge-shaped with younger material overlying older basalts. The positive inclinations found lower in the core are evidence for the irregular nature of the boundary between oppositely magnetized blocks. None of these observations is surprising in view of the proximity of Hole 418A to the anomaly boundary and the fact that the build-up of the extrusive layer of the oceanic crust has taken finite time.
Figures 5 and 6 show that Holes 417D and 418A are built up of several sections in which the stable inclinations are relatively uniform but whose mean values are distinct. This is illustrated in Figures 7 and 8 by histograms of the stable inclinations for Holes 417D and 418A, where different stip- pie patterns indicate different inclination sections. For Hole 417D, there are three sections of relatively uniform stable inclination, which do not overlap on the histogram. (Because the dikes' I STABLE is similar to that of the uppermost 145-section, they are not considered as an independent inclination unit.) For Hole 418A, with the exception of one point spilling over, adjacent inclination sections also plot in distinct fields on the histogram. Because of the relatively large difference in their mean stable inclinations and their separation in the vertical column, the two regions of positive inclination in Hole 418A are considered as distinct recordings of the geomagnetic field. Application of the t-test to pairs of 1STABLE sections of Holes 417D and 418A shows that the hypothesis that any two ISTABLE values are equal must be rejected at the 99 per cent confidence level. Because the adjacent sections of core which have relatively uniform ISTABLE are always separated by zones of brecciation, rubble, and broken rock, and since the average ISTABLE values of adjacent sections are statistically distinct and have relatively small dispersions (see Table 5 ), each inclination section is considered to represent a single pulse of volcanism, providing an instantaneous reading of the paleomagnetic field. In Holes 417D and 418A such volcanic episodes produce sections that are often from 150 to 200 meters thick. The period needed to form an approximately 200-meter section of uniform inclination is indeterminate but probably is anywhere from less than one year to several hundred years. However, the total time represented by the entire igneous column cored in each of Holes 417D and 418A is probably at least several thousand years. The best evidence for this is the presence in Hole 418A of stableinclination sections representing both polarities of the geomagnetic field, it being thought that several thousand years (~2000 to 5000 years) are required to produce a complete field reversal (Harrison and Somayajulu, 1966; Opdyke et al., 1973) .
Although Holes 417A and 417D and Holes 418A and 418B are in close proximity, it is unlikely that they yielded samples of contemporaneous volcanic eruptions. This is supported by recent observations at the FAMOUS area on the Mid-Atlantic Ridge near 37°N, where flow regions have an average width of between 500 and 800 meters (Ballard and Van Andel, 1977) . Furthermore, the half spreading rate near Sites 417 and 418 is about 1.8 cm/y (Carle, 1976) , which implies that holes whose component of separation along the direction of spreading is 180 meters have an average age difference of about 10,000 years.
Considering each inclination section of Hole 417D and 418 A as an independent recording of geomagnetic inclination, we calculated ISTABLE for two groupings of the paleoinclinations (see Table 5 ). Option A considers the dikes of Hole 417D as an independent paleoinclination, whereas option B, which is preferred, considers these dikes as feeding the upper 145-meter section of Hole 417D and hence recording the same paleoinclination. Although the bottom inclination section of Hole 418A is represented by only one sample, it is used in the above analysis since measurements of this sample are in excellent agreement with several samples from this depth interval measured on Leg 53 (Initial Core Descriptions, Deep Sea Drilling Project, Legs 51-53, 1977, pages 417 and 418) . The mean inclination values have not been corrected for apparent shallowing resulting from lack of azimuthal orientation, because the effect is small (<1°) for latitudes less than 25° (Cox, as referenced in Peirce, 1976) . +ISTABLE for the two options are 43.8° ±17.2° and 41.2 ±16.6°, respectively, both of which are steeper than the paleoinclination. However, the Cretaceous paleoinclination is included in twice the standard error of +ISTABLE of both options; therefore, I conclude that there is no significant difference between them and the Cretaceous paleoinclination.
I shall now examine whether the observed stable inclinations of Holes 417D and 418A are explainable by normal geomagnetic secular variation (S V). McElhinny and Merrill (1975) analyzed the available paleomagnetic data for the past 5 m.y., and for a latitude of 17° they obtained an angular dispersion of about 13.6° for virtual geomagnetic poles (VGPs). Assuming the latter follow Fisher's distribution (Fisher, 1953) , their angular dispersion can be converted to angular dispersion of field directions according to Cox (1970) . Thus, one obtains an angular dispersion of field directions of 17.5° for a latitude of 17°. Alternatively, using Creer's (1962) transformation equation, an angular dispersion of field directions of 18.6° results. Irving and Pullaiah (1976) showed that during Cretaceous time the geomagnetic SV was less than during the past 65 m.y. However, this conclusion is significantly influenced by the much diminished SV during the Cretaceous "quiet zone" from about 108 to 80 m.y. ago, for which the equatorial angular dispersion of field directions is 14.7°. But for the past 65 m.y. this value is about 19°; therefore, Irving and Pullaiah's equatorial angular dispersion for the Cretaceous (~16°) is probably too low and not representative of the SV at Sites 417 and 418, which are in anomaly M0, just prior to the Cretaceous "quiet zone." Hence, assuming that the geomagnetic S V during the time of igneous activity at Sites 417 and 418 was similar to the SV of the past 65 m.y., and because they all are within 35° of the inferred paleoinclinations, the stable inclinations of Hole 417D and 418A likely result from normal geomagnetic SV, since all are within 35°o f the inferred paleoinclination.
Paleoinclinations and Tectonic Rotations of the Volcanic Sections
I have included this section because some investigators have used the stable inclinations of Holes 417D and 418A as evidence for tectonic rotations in the oceanic crust. Although it is well known that such rotations are ubiquitous manifestations of geological processes -both continental and submarine -they cannot normally be ascertained solely from paleomagnetic directions of volcanic sections, and much less so if the data are restricted to paleoinclinations. The question remains whether the dispersion of the stable inclinations in Holes 417D and 418A is consistent with the ever-present geomagnetic SV or whether it requires the introduction of the additional parameter of tectonic rotation. Although insufficient for a choice between these alternatives, the data available suggest that, strictly from a paleomagnetic point of view, it is unnecessary to introduce a tectonic component of dispersion of the stable inclinations of Holes 417D and 418A. The more pertinent pieces of evidence are:
1) The mean stable inclination of Holes 417D and 418A is 41.2° (S.D. = 16.6° and S.E. = 5.8°), which is not significantly different at the 95 per cent confidence level from their inferred Cretaceous paleoinclination.
2) The stable inclination of the dikes at the bottom of Hole 417D is -64° (S.D. = 2°). This is essentially identical to the stable inclination of the uppermost 145-meter section for which I STABLE = -67° (S.D. = 4°), which is the stable inclination furthest removed from both the mean stable inclination and the inferred paleoinclination. Furthermore, the vertical separation of the dikes from the bottom of their inclination-equivalent section is more than 200 meters, and one of the intervening stable inclination sections has ISTABLE = -21° (S.D. = 4°).
3) All the stable inclinations of Holes 417D and 418A are within 35° of the inferred Cretaceous paleoinclination (the paleolatitude is about 17°). Although most of the presently accepted models of geomagnetic secular variation diet that the angular dispersion of paleomagnetic directions will decrease with increasing paleolatitude, deviations greater than 35° from the paleoinclination occur in about 10 per cent of untilted (or tilt-corrected) lavas on Iceland, whose paleolatitude is about 65° (Wilson et al., 1972; Harrison and Watkins, 1977) ; and such deviations are observed also in the Columbia River basalts (Rietman, 1966; Watkins and Baksi, 1974) whose paleolatitude is about 45°.
Although tectonic rotations may indeed contribute to the observed scatter of stable inclinations, the presence of such rotations must be proven by other than paleomagnetic evidence, because the diversity of geomagnetic behavior is ample to completely account for the stable inclinations of Holes 417D and 418A.
Breccia Zones
Several breccia zones occur in Holes 417D and 418A. In Hole 417D, samples from Section 57-2 through Core 61 (a 33.5-section of broken pillows and pillow breccia) exhibit highly scattered INRM. Significantly, the dispersion does not diminish upon AF cleaning: INRM = 17° ±49° and 1TABLE = 10° ±54°. The pillow breccia recovered in Hole 418A, Section 40-2 through Section 42-1 from approximately 498 to 510 meters sub-bottom, also has highly scattered inclinations: both INRM and 1STABLE are ~ 1° ±52°. The large dispersion of the inclinations of these two breccia zones suggests that neither possesses a coherent remanence direction and, except for induced magnetization, they will not contribute a net magnetic signal to the oceanic layer containing them. Two additional "minor" intervals of brecciation (<5 m thick) in Hole 418A were sampled for Paleomagnetism.
The considerable scatter of the inclinations of the zones of brecciation and broken rock suggests that brecciation occurred at temperatures below the blocking temperatures of the pillow basalts. Further evidence for this was sought by obtaining several pairs of specimens, each pair from a single contiguous rock piece, to allow for direct comparisons of both the inclination (I) and declination (D) of the two specimens. One member of each pair consists of a single basalt clast and the other contains many small fragments in a clay matrix. Table 6 shows that for the four sample pairs from the two "major" breccia zones of Holes 417D and 418A, the magnetic directions are discordant also on a small scale, supporting the above conclusion that brecciation occurred at temperatures below the blocking temperatures of the pillow fragments. A reasonable estimate for the upper limit of the brecciation temperature is 200°C, which is suggested by the restricted compositional range of titanomagnetites in oceanic basalts, whose initial Curie points are near 150°C (Johnson and Hall, 1978) . (Since all samples from Holes 417D and 418A had been oxidized at low temperature, they could not be used for determining the initial composition of the unoxidized titanomagnetite phase). Furthermore, had brecciation occurred after low-temperature oxidation, temperatures higher than 200°C would have caused breakdown and disproportionation of the titanomaghemite phase, whereas the observed thermomagnetic curves are characteristic of low-temperature-oxided titanomagnetites. In contrast, the specimen pair from the "minor" breccia zone in Core 28 of Hole 418A shows a coherent remanence direction with an inclination similar to that of the adjacent unbrecciated extrusives. This suggests that the brecciation in the vicinity of this specimen pair occurred at a temperature above the blocking temperatures of the basalt. This picture is complicated by the completely discordant inclination of a sample from the same brecciated zone only 30 cm above this specimen pair (see Levi et al., this volume) . Possibly, this apparent temperature heterogeneity is due to localized flow of hot fluids. (Zones of brecciation at Sites 395 and 410 also appear to have been formed above the blocking temperatures of the basalts [Johnson, 1979; Steiner etal., 1979] .)
CONCLUSIONS
The most important paleomagnetic results of Leg 52 are summarized below.
1) The stable inclinations of Hole 417D are negative throughout, consistent with the reversed sense of anomaly M0.
2) InHole418A, the positive inclination section capping the hole is consistent with its proximity to the anomaly boundary and suggests an inclined boundary between oppositely magnetized oceanic blocks where younger extrusives overlie older crust.
3) JNRM for Holes 417D and 418A is on the order of 10 × 10~3 Gauss -about twice that of previous Atlantic DSDP sites. This is particularly noteworthy because the age of anomaly M0 is about 108 m.y., which is more than twice that of any Atlantic DSDP site for which significant penetra- tion of the basalt was achieved. High JNRM values and the correct sense of remanence direction imply that a 1-km source layer is sufficient to account for the magnetic anomaly at the drilling sites.
4) The igneous columns of Holes 417D and 418A consist of several segments of distinct stable inclination; within each segment the stable inclinations exhibit relatively small dispersion. This suggests an episodic origin for the igneous oceanic crust, where extrusive edifices of the order of 200-meter thickness can be produced in a relatively short period; that is, less than about 200 to 300 years.
5) The presence in Hole 418A of stable-inclination sections representing both polarities of the Earth's magnetic field is evidence that the total period represented by the igneous column of this hole is at least several thousand years.
6) The average stable inclination of Holes 417D and 418A is 41° (S.D. = 17°) -steeper than, but not significantly different from, 32° which is the inferred Cretaceous paleoinclination for the drilling sites. 7) Differences in the downhole profiles of the magnetic properties in Holes 417D and 418A suggest that particlesize variations of the magnetic minerals exercise important control on these properties, which might contribute to certain short-scale fluctuations in the magnetic signal observed at the sea surface.
8) The more substantial zones of brecciation of Holes 417D and 418A have no coherent remanence directions and make no net contribution to the magnetic layer that contains them. This suggests that brecciation occurred at temperatures below 200°C.
